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Summary: 1. A study of the precision of clinical estriol- and total estrogen determinations in late pregnancy urine
was carried out in collaboration with 26 clinical laboratories in the Netherlands and one laboratory in Suriname.
2. Ten urine samples were circulated twice with an interval of 2 weeks.
3. It was shown, that repeated analysis of the same sample in the same clinical laboratory in different assays can
yield differences in results up to 40%. This interassay variation can be regarded as the main source of uncertainty of
results of clinical estriol and total estrogen determinations.
4. The quantitative differences between results of total estrogen methods and a gas Chromatographie method, which
measures only estriol, were shown to be caused primarily by the lower recovery of the glucuronide of estriol (both
native and added) in the latter method.
5. As expected, methods based on the principle oflttrich ((I960), Acta Endocrinol. 35, 34—48) proved to be more
susceptible to the disturbing influence of glucose than a gas Chromatographie method that measured estriol specific-
ally.
6. Various recommendations to improve the precision of clinical estrogen determinations in pregnancy urine resulted
from this study.
Die Genauigkeit klinischer Bestimmungen von Östriol und Gesamt-Östrogenen im Harn Schwangerer
Zusammenfassung: 1. In Zusammenarbeit mit 26 klinischen Laboratorien der Niederlande und einem in Surinam
wurde eine Untersuchung der Genauigkeit von klinischen Bestimmungen von Östriol und Gesamt-Östrogenen im
Harn Hochschwangerer durchgeführt.
2. Zehn Hamproben wurden zweimal mit einem Zwischenraum von zwei Wochen in Umlauf gegeben.
3. Es wird gezeigt, daß die wiederholte Analyse derselben Probe im gleichen klinischen Laboratorium bei verschie-
denen Bestimmungen Differenzen der Ergebnisse bis zu 40% ergeben kann. Die Variation von Serie zu Serie kann als
Hauptursaehe für die Unsicherheit der Ergebnisse von klinischen Bestimmungen des Östriols und der Gesamt-Östrogene
angesehen werden.
4. Es wird gezeigt, daß die quantitativen Unterschiede zwischen den Ergebnissen von Methoden für Gesamt-Östrogene
und einer gaschromatographischen Methode, die nur Östriol mißt, vor allem durch eine niedrige Wiederfindung von
ursprünglichem oder zugefügtem Östriol in Glucuronidform bei der Gaschromatographie bedingt sind.
5. Wie zu erwarten war, zeigten sich Methoden nach dem Prinzip vonlttrich ((I960), Acta Endocrinol. 35, 34-48)
anfälliger gegen den Störeinfluß von Glucose als eine Östriol spezifisch messende gaschromatographische Methode.
6. Aus dieser Untersuchung ergeben sich verschiedene Empfehlungen zur Verbesserung der Genauigkeit klinischer
Bestimmung von Östrogenen im Harn Schwangerer.
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Introduction
A study of the precision of estriol- and total estrogen-
determinations in pregnancy urine was carried out by the
National Institute of Public Health in The Netherlands
in close cooperation with 26 clinical laboratories in The
Netherlands and one laboratory in Suriname. The object
of this study was to obtain information on:
1. intraassay variation;
2. interassay variation in the same laboratory;
3. differences between results obtained with the same
method in different laboratories;
4. differences between results obtained by different
methods;
5. possible disturbing influences of glucose and/or
dilution of the urine.
Originally 48 laboratories participated to the study, but
as these 48 participants used 19 different analytical
methods, the statistical analysis had to be confined to
results obtained with the 3 methods which were used by
5 or more laboratories.
Material and Methods
The composition of the urine samples used is shown in
table 1.
The same set of samples was circulated twice, with an
interval of 2 weeks. In order to ensure strict objectivity,
a different coding of the samples was used per participant
and per set; thus a comparison of the results was only
possible by the originators of the study.
The samples were prepared in one working day (day 1) using a
pool of pregnancy urine collected on the previous day (day 0).
The urine pool was not centrifuged and no preservative was
added. The estriol-16-glucuronide added to samples 3, 4, 5 and
6 (see table 1) was purchased from Ikafarm (Israel).
The samples were stored at 4°C. On the following day (day 2)
set I was dispatched; set II was distributed 13 days later (= day
15). In the intervening period the results of set I had been
received by the originators of the study1). The pH of the
samples stored at 4°C was measured repeatedly during the
period of experimentation and was found to be 8.5-8.6.





1 and 2 pregnancy urine 5* (sample)
3 and 4 pregnancy urine 5 + 20 μπιοΐ/ΐ estriol-16-glucuronide
5 and 6 pregnancy urine 5+40 μηιοΐ/l estriol-16-glucuronide
7 and 8 pregnancy urine 5 + 80 g/1 glucose
9 and 10 Vz volume pregnancy urine 5 and 1A volume male
urine 2*
* In a former study (not to be discussed further here), pregnancy
urines 1, 2, 3 and 4, and male urine 1 were analysed.
l) In one case ("Van Kessel 7") however the delay between
dispatch and receipt of results was as long as 22 month's. The
results are included in table 2, but not in the statistical cal-
culations.
The methods used by 5 or more participants per method
were the following: (n = number of participating labo-
ratories).
\. Brombacher, Gijzen & Verheesen (1968) (1). ή = 11
2. Van de Calseyde, Scholtis, Schmidt & Kuypers
(1969) (2), n = 9
3. Van Kessel, Seitzinger, Schreurs & Versteeg
(1969) (3). n = 7
The method of Brombacher et l is based on the work of Ittrich
(4). Pregnancy urine is diluted with water (1 : 99). Diluted urine
(0.5 ml) is pipetted into a tube, followed by 0.5 ml water and
2 ml 960 g/kg sulphuric acid containing 10 g/1 hydroquinone.
The reaction mixture is heated in a boiling water bath for 40
minutes. After cooling in ice, 3.75 ml water are added, the
contents of the tube are mixed, then cooled and extracted with
4 ml of an ice-cold 20 g/1 solution of p-nitrophenol in chloro-
form. After centrifugation, the upper layer is removed and the
fluorescence is measured with a Vitatron fluorimeter: excitation
359 nm, fluorescence 577 nm.
The main difference between the methods 'Brombacher' and
* Van Kessel' is, that the latter method is fully mechanized. The
relatively simple apparatus used is described in the publication
of Van Kessel et al (1969). The sulphuric acid reagent is made by
dissolving hydroquinone (20 g) in water (280 ml) followed by
the addition of 960 g/kg sulphuric acid, with cooling and
stirring, to a volume of 1 1. jHNitrophenol in dichloroethane
(20 g/1) is used for extraction. The fluorimeter (Vitatron) is
equipped with a mercury lamp, and the spectral line of 546 nm,
for excitation of fluorescence is selected by means of an inter-
ference filter; the secondary light is measured after passing a
filter of 564 nm.
The method of Van de Calseyde et al makes use of enzymatic
hydrolysis of the estriol conjugates with the juice of Helix
pomatia (0.1 ml/ml of urine at pH 4.6; incubation for 30
minutes at 62°C). After extraction with chloroform and
evaporation of the solvent, 50 μΐ of bis^trirhethylsilylacetamide
and 20 Mg of trimethylchlorosilane are added. After 5 minutes
1 μΐ of reaction mixture may be used for gas liquid chromato-
graphy (Micro-Tec G. C. 2000 MF, with a dual ionization
detector). The stainless steel U column (diameter 4 mm) is ·
packed with 3% O.V>1 (w/w) on gaschiom Q 100-200 mesh
(Applied Science Lab.). The column temperature program is as
follows: initial temperature 240°C for 3 minutes; heating (7.50/
minute) for 3 minutes; heating (2°/minute) for 3 minutes; the
final temperature is 270°C. The temperature of injector and
detector is 285°C.
Statistical analysis of results
Unless stated otherwise, the statistical evaluations were
based on straightforward applications of the general
principle of analysis of variance. Two other statistical
tests, viz. Tukey's test for multiple comparisons between
group means and Dixon's outlier test, have been taken
from I.e. (5).
Results
The results submitted by the participants are shown in
table 2. They are expressed in μτηοΐ f estriol per liter.
The numbering of the participants is the same as in
table 3, which deals with the coefficients of variation.
Unfortunately not all participants managed'to adhere to our
request to measure the series of ΪΌ samples within the same
assay. Under this circumstance a division of the results into a
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Tab. 2. Results obtained by 26 different clinical laboratories using 3 different methods.
Method No. of No. of Results in jmmol/l (samples 1-10)
participant set







































































































































































































































































































































































































































































































































































































































































*) = group b (group a: unmarked) .
**) = ^heseTesultrwere obtained with samples which were kept deep frozen by the participant for 22 months before analysis. They
are not included in the statistical calculations
N.B. Participants "Brombacher 4 and 6" submitted, on a later date, revised results for series II, obtained after a slight modification
of their analytical procedure. These results are included in the table as II (revised).
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Tab. 3. Estimated coefficients of variation {%] within sample
duplicates of sets I and II.
Method No. of Estimated coefficient of
participant variation [%]
group a group b
Van Kessel et al (3)
Brombacher et al (1)
Van de Calseyde et al
(2)
Brombacher et al (1)
Van Kessel et al (3)
Van de Calseyde et al
(2)
Brombacher et al (1)
Van de Calseyde et al
(2)
Brombacher et al (1)
Van de Calseyde et a l
(2)
Brombacher et al (1)
Van de Calseyde et al
(2)
Brombacher et al (1)


































































The standard error is obtained by dividing the coefficient of
variation by 5. Only the results of group a were obtained accord-
ing to the rule that measurement of series of 10 samples should
take place within one assay.
N.B. Participants "Brombacher 4 and 6" submitted, on a later
date, revised results for series II, obtained after a slight
modification of the analytical procedure1: the estimated
coefficients for these revised results are: "Brombacher 4":
1,5%, "Brombacher 6": 2,9%.
group a and a group b was necessary. Only the former results
(group a) were obtained in accordance with our request that
samples belonging to the same set be measured in the same assay.
Intraassay variation
As the standard deviation for the 10 sample replicates
per participant (table 2) was found to be roughly pro-
portionate to the level of the results measured, it seemed
plausible to work with coefficients of variation.
The coefficients of variation were calculated as follows: For the
decimal logarithms of the results listed in table 2, the proper
standard deviations were calculated for the variation within
sample replicates.
The antilogarithm of each standard deviation minus 1 is, to a
first order approximation, equal to the estimate of the coeffi-
cient of variation for the participant under consideration.
Table 3 gives the calculated coefficient of variation per
participant.
Participant "Van de Calseyde No. 9" submitted extremely low
results (table 2); these results had to be rejected by the statistician.
The intraassay variation was generally low in the group
working with the mechanized Van Kessel method and in
general more marked in the results obtained with the
two non-automated methods.
Interassay variation
This effect was studied on the basis of the total percentual
recovery. This figure can be calculated from the results
obtained, if it can be shown that an adequate.propor-
tionality exists between the percentual recovery of added
estriol (= b) on the one hand and the mean result of the
samples 1 to 6 (pregnancy urine 5 + 20 μπιοί estriol),
which can be considered as a measure for native estrogen,
on the other hand (y).
For y (= the mean of samples 1 to 6) we have 2 values for each
participant, i.e. from the first and the second set of results. For
b (= percentual recovery of added estriol) two values can be
obtained for each participant per set namely:
1. results of samples 3 + 4 minus results of samples 5 + 6
2. results of samples 1 + 2 minus results of samples 3 + 4 (see
table 1).
The 2 values for b per set per participant were tested for
equality, after which the mean b per set per participant was
calculated.
Thereupon the quotient y/b (==Q) per set was calculated for
each participant; after testing for equality (set I and set II) the
mean value for Q per participant was calculated. If the assump-
tion that an adequate proportionality exists between the
recovery of native estrogen (of which y is a measure) and the
percentual recovery of added estriol (of which b is a measure)
is correct, then all Q's should be statistically equal, at least for
results obtained by the same method or by methodologically
related (equivalent) methods such asc Van KesseP and 'Brom-
bacher\
The * Van de Calseyde' method however measures the estriol
content, whereas the two other methods measure the total
estrogen content. Lower values for y could therefore be ex^
pected with the' Van de Calseyde' method, as in fact were
found (fig. 1).
The b value, however, (= the pereentual recovery of added
estriol) should be statistically equal for the 3 methods. This is,
however, not the case; the b values are generally lower in the
''Van de Calseyde' method. Consequently it could not be demon-
strated statistically, that the difference between the specific
estriol method on the one hand, and the two other total
estrogen methods on the other hand can be ascribed entirely or
largely to the fact that the Van de Calseyde method measures
estriol, while the other 2 methods measure the total estrogen
content: there is in fact no statistically significant difference
between the Q values obtained with the 3 methods;
In the further statistical analysis of the results, no distinction
was made, therefore, between the results of the 3 methods. The
mean Q was used to construct the line in figure 1. With the aid
of this line, the ideal y (= the native estrogen content of preg-
nancy urine 5 + 20 μπιοί estriol) could be determined.
Iri figure 1, results submitted by participant "Van de Calseyde
No. 9" and "Brombacher Nos. 10 and 11" have been eliminated
in the view of very poor intraassay reproducibility (see tab. 3);
the results of "Van de Calseyde 6" have been eliminated on
account of unacceptable incompleteness (see tab. 2).
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Fig. 1. Proportionality between recovery of estriol added (b)
and mean level of results measured (y).
Abscissa: b = mean results [(urine 3 + urine 4) —
(urine 1 + urine 2)] and
((urine 5 + urine 6) - (urine 3 + urine 4)]
Ordinate: y = mean result for samples 1-6
• = Method of Van Kessel et al. (3)
* = Method of 'Brombacher et aL (1)
Δ = Method of Van de Calseyde et aL (2)
The figure obtained for the ideal y, which we need in
order to calculate the percentual total recovery per set
as submitted by each participant, is equal to 110 μτηοΐ
(estriol equivalents). The individual y's per set per
participant are expressed as a percentage of the ideal y;
thus for each participant 2 values for the percentual
total recovery were obtained. In figure 2 the difference
in the percentual total recovery y (set 1 — set 2) per
participant is plotted on the abscissa; this difference is
either positive or negative.
The number of participants has been plotted on the
ordinate, again with a division into group a and group b
(compare table 3). The fact that the range of the inter-
assay variation in group a exceeds that in group b is
entirely in accordance with expectations. The fairly
normal distribution shows that, statistically, there is no
detectable difference in estrogen content between the
samples of set I and set II. The fluctuation in percentual
recovery between two assays in the same laboratory can
be important (up to 40 percent).
The results submitted by participants "Van de Calseyde 6 and 9,"
and of "Brombacher 10 and 11" have been excluded from figure
2 as they were from figure 1.
Interlaboratory variation
Table 4 gives an impression of the differences in percent-
ual total recovery obtained with the same method in
different laboratories.
For strictly statistical reasons results with a relatively poor intra-
assay reproducibility ("Van de Calseyde Nos. 5, 6, 7 and 8";
"Brombacher Nos. 9,10 and 11", compare tab. 3) had to be left
out of consideration in the subsequent statistical procedure.
"Brombacher No. 8", with a comparatively low percentual
recovery, differs significantly from the other results in the
"Brombacher group" (Dixon's test (5)). Subsequently infor-
mation was received about the special position of the laboratory
concerned, which justifies the exclusion of this result from the
statistical calculation.
The interlaboratory variation of the 3 groups under
investigation appears to exceed significantly the expec-
tations based on the two sources of variation (intra- and
interassay variation), that have already been discussed.
This leads to the conclusion, that a significant inter-
laboratory variation is present.
The statistical calculations carried out were as follows: For each
participant belonging to group a, the square of the difference
between the two estimated percentual total recoveries for set
I and set II is calculated; the sum of these squares divided by
24 (= 2x number of participants considered) equals 130, which
is a measure of the variance due to both intraassay and inter-
assay variation.
From the total percentual recoveries per participant (tab. 4) we
calculated, for each of the 3 methods separately, the sum of
squared deviations from the mean. Pooling the tliree sums of
squares, the figure 315 is obtained, a value to which 14 degrees
,40 -35 -30-25 ,20 -IS -10 -5 0 5 10 15 20 25 30 35
Difference in total recovery between the series [%]
Fig. 2. Interassay variation.
K = Method of Van Kessel et al. (3)
B = Method of Brombacher et al. (1)
C = Method of Van de Calseyde et al. (2)
α = group a
ο = group b
Only for group a could it be assumed with reasonable
certainty that determinations were really made within
two assays.
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excluded. The special position of this participant,
justifying the exclusion, was mentioned above. A signif-
icant difference however was present between the
results obtained by the method based on the Ittrich
' principle (Brombacher and Van Kessel) on the one hand
and the results obtained by the gas Chromatographie
estriol method (Van de Calseyde) on the other hand. As
already mentioned above, this difference cannot be
ascribed entirely or largely to the fact that the Van de
Calseyde method measures estriol, whereas the other
methods measure the total estrogen content. In the
Van de Calseyde method, not only the y-value (a measure
for the recovery of native estrogen) is lower; the same
is true of the b-value which is a measure for the recovery
of added estriol. So a lower recovery of native and added
estriol in the Van de Calseyde method rriust be con-
sidered as the principal origin of the observed difference.
The role of glucose and of dilution of the urine
The conclusions on the result obtained with the glucose-
containing sample and the diluted pairs are summarized
in table 5.
*) group b. Only the results of group a (unmarked) are obtained
according to the rule that measurement per set of 10 samples
should take place within one same assay.
( ) revised results. (.) no result.
of freedom are to be attached and which is significantly greater
than l/2 * the value 130 just mentioned (F-ratio; P < 0.05).
Hence the estimated interlaboratory variance is significantly
positive and equals 315 - l/2 * 130, viz. 250. This implies an
(extra) standard deviation of roughly 16 units for each one of
the total mean recoveries considered.
Differences between results obtained by different
methods
Statistical calculation, using Tukey's test (5) at a confid-
ence level of 5 %, revealed no statistical difference be-
tween the percentual total recoveries of the "Brom-
bacher" group and those of the "Van Kessel group",
provided that the results of "Brombacher No. 8" are
For the glucose-containing sample pair, we tested the
extent to which the mean result differed significantly
from the observed estriol content of the original urine
per dispatched series and per participant. An analogous
procedure was applied to the diluted sample pair (original
urine diluted 1 : 2), accounting for a factor 2. In the
methods based on thtlttrich principle, glucose proved
to be a disturbing factor. We may conclude that dilution
of the urine did not interfere with the analytical methods.
Discussion
Our study was carried out in order to pave the way for
adequate quality control; it resulted in information as
to the causes of unreliable results as well as in suggestions
for improvement.
1. The most important result is that repeated blind
analysis of the same sample in the same laboratory
Tab. 5. Results obtained for the special sample pairs 7,8 and 9,10.
Method Samples 7,8 (glucose)
number of number of participants with
participants significant results
Brombacher et al (1)
Van Kessel et al (3)
















S- = significantly lower than original urine (7,8) or */2 * original urine (9,10)
S+ = significantly higher than original urine (7,8) or */2 x original urine (9,10)
Participants "Van de Calseyde 9" and "Brombacher 10 and 11" have been excluded from the calculation in view of very poor
reproducibility (see table 3).
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can yield differences in results in different assays,
which substantially and significantly exceed those
which could be explained by the reproducibility
within one assay. This source of uncertainty may
effect in an unacceptable way the diagnostic value of
serial estriol (or total estrogen) determinations in one
patient. According to Kuss (6) the practicability of
estrogen determinations in pregnancy urine is impaired,
if the day to day coefficient of variation exceeds 5
per cent.
Strict control of experimental conditions in the in-
dividual laboratories is therefore recommended in
order to diminish the interassay variation.
2. With respect to differences between results obtained
with the same method in different laboratories the
following can be said:
Even during the investigation itself a need for a more
detailed description of methods was felt by several
participants. The desirability of the use of a common
standard preparation (preferably estriol-16-glucuro-
nide) was also emphasised. There was also the question
of the quality of reagents, which was by no means the
same in all the participating laboratories. It was felt
that several measures could be taken in order to
diminish the interlaboratory differences between
laboratories working with the same or comparable
methods.
3. The difference in results obtained by methods based
on the Ittrich (4) principle on the one hand and the
specific gas Chromatographie method for estriol on the
other hand, which was not exclusively or largely
attributable to the difference between estriol- and
total estrogen content, may be the result of incomplete
enzymatic hydrolysis (see Graef& Fuchs (7)) and/or
losses during the purification procedure. If it is a
question of variable losses, the diagnostic value of
serial estriol determination in one patient may be
impaired. Recovery experiments with conjugated and
free estriol could be used to determine the origin of
these losses.
4. It is certain, that the present study is quite incomplete
as far as disturbing factors are concerned. It is known
that bile pigments (Adlercreutz &Schauman, (8)) and
Pharmaceuticals (Sele &Frandsen, (9)) may interfere
in the Kober reaction (10).
Nevertheless, it is possible to draw the conclusion,
that the Van Kessel and Brombacher modification of
Ittrichs method are susceptible to the disturbing
influence of glucose, whereas the gaschromatographic
Van de Calseyde method is not. Apparently, none of
the participants working with methods based on
Itfrich's work made use of methods to destroy or to
eliminate glucose (Worth (11), see also Simkins &
Worth (12); Kuss (13)).
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